To explore brain areas involved in basic numerical computation, functional magnetic imaging (fMRI) scanning was performed on college students during performance of three tasks; simple arithmetic, numerical magnitude judgment, and a perceptualmotor control task. For the arithmetic relative to the other tasks, results for all eight subjects revealed bilateral activation in Brodmann's area 44, in dorsolateral prefrontal cortex (areas 9 and 10), in inferior and superior parietal areas, and in lingual and fusiform gyri. Activation was stronger on the left for all subjects, but only at Brodmann's area 44 and the parietal cortices. No activation was observed in the arithmetic task in several other areas previously implicated for arithmetic, including the angular and supramarginal gyri and the basal ganglia. In fact, angular and supramarginal gyri were signi®cantly deactivated by the veri®cation task relative to both the magnitude judgment and control tasks for every subject. Areas activated by the magnitude task relative to the control were more variable, but in ®ve subjects included bilateral inferior parietal cortex. These results con®rm some existing hypotheses regarding the neural basis of numerical processes, invite revision of others, and suggest productive lines for future investigation. Published by Elsevier Science Ltd.
Introduction
Two central components of numerical cognition are simple arithmetic (e.g., 4 Â 7=?) and magnitude judgment (e.g., 24 or 25, which is larger?). We used fMRI to explore patterns of neural activation for these tasks, with two related goals. First, we sought to con®rm and extend ®ndings of the neuropsychological literature. A wealth of patient data suggests that arithmetic is mediated by left or possibly bilateral inferior parietal areas [1,2,14±16,23,29,38,40] . Some evidence suggests that the region around the left angular and supramarginal gyri may be particularly important for these tasks [15, 17, 18, 20, 21, 39, 40] . Other studies have tentatively implicated the left frontal lobe [24, 35] , the basal ganglia [5, 19, 41] , and the thalamus [27] . However, the complete set and precise localization of critical structures has yet to be conclusively established. In contrast to the apparent left hemisphere bias for arithmetic, there is some evidence suggesting that simple magnitude processing involves right or perhaps bilateral parietal areas [7±10,22] . A number of functional neuroimaging experiments exploring arithmetic in normals have also been conducted [3, 10, 30, 31, 33] , most of these investigated relatively complex calculations such as counting backward by sevens from a three digit number [30] . Activation has typically been observed in inferior parietal and (or) prefrontal areas in these studies, providing a rough convergence with at least some patterns in the patient data. However, complex arithmetic tasks likely engage a number of cognitive processes not directly associated with arithmetic and thus can not address the issue of which areas of brain acti-
